INTRODUCTION {#sec1-1}
============

Over expression in ErbB family receptors of tyrosine kinase has been observed in several human malignancies. ErbB receptors are located in cell surface and have been used mainly as therapeutic purposes for control or reduction of the tumor malignancy growth. One successful way to disable of ErbB receptors has been the development of monoclonal antibody drugs such as Trastuzumab.\[[@ref1]--[@ref4]\] Trastuzumab (Herceptin) is a recombinant humanized IgG-1 that selectively targets the extra-cellular domain of the human epidermal growth factor receptor 2 (HER-2/neu) that has been developed by Genentech/Roche.\[[@ref5][@ref6]\] Trastuzumab inhibits the proliferation of tumor cells that overexpress HER-2 antigen.\[[@ref7]\] The interaction between the antibodies and the HER-2 antigen is performed with high efficiency and specificity that is an essential prerequisite to use them for the targeted treatment of diseases.\[[@ref8]\]

Recently, an antibody is discovered that can attach to two separate antigens.\[[@ref9]\] This dual-specificity is in contradiction with the "lock and key" hypothesis about antibodies. This occurrence has two main reasons, first, this antibody, called dual specific bh1, has an extraordinary flexibility that is essential to create separated conformation for joining antigens, second, diverse amino acids are critical in connecting to antigen.\[[@ref9]\] According to this information, a hypothesis was proposed and analyzed *in silico*. The related information of some defined therapeutic mAbs was used for investigation a new dual specificity in them.\[[@ref10][@ref11]\]

AutoDock is software for automated docking of flexible ligands to receptors. AutoDock is carried out for predict the bound conformations of a flexible ligand to a macromolecule target of the known structure. The technique combines simulated annealing for conformation searching with a rapid grid-based method of energy evaluation.\[[@ref12][@ref13]\] Autodock was used to dock the antibodies as previously mentioned with the HER2, epidermal growth factor receptor (EGFR), and vascular endothelial growth factor (VEGF) antigens. A total of 18 compounds were docked together and their binding modes were analyzed in terms of docking energy, hydrogen bonding, and hydrophobic interactions. Except the defined antigen-antibody interactions we could not find any new composition with the low-energy docked structure.

Moreover, due to the large demand for developing new applications for existing monoclonal antibodies (mAbs) or producing biosimilar biological drugs, the Fab amino acid sequences of trastuzumab were obtained. The appropriate secretory signal peptide and the best mRNA structure for nucleic acid codon of the light and heavy chain of trastuzumab were designed. Cloning were performed with pcDNA™ 3.3-TOPO^®^ TA and pOptiVEC™ TOPO^®^ TA shuttle vectors and suitable expression vectors were obtained for further studies.

MATERIALS AND METHODS {#sec1-2}
=====================

Bioinformatics studies {#sec2-1}
----------------------

Three-dimesional structures of proteins were obtained from the Protein Data Bank (<http://www.rcsb.org>).\[[@ref9][@ref14]--[@ref17]\] Three-dimensional structural alignments were performed with SIM and MUSTANG softwares.\[[@ref18]\] AutoDock4.2 software\[[@ref19]\] was used for the docking analysis. IMGT-3D structures-DB is an immunological structure database that was used for variable domains analysis (<http://imgt.cines.fr>).\[[@ref20][@ref21]\] For sequence analysis such as multiple sequences alignments the following centers were used (<http://www.ebi.ac.uk> and <http://www.ncbi.nlm.nih.gov>). RNA structure prediction was carried out with the use of (genebee.msu.su/services) site. For the gene design and codon usage preference, the sites of (<http://slam.bs.jhmi.edu/gd/>) and (<http://www.kazusa.or.jp/codon/>) were used.

Gene amplification {#sec2-2}
------------------

The full length heavy chain (HC) and light chain (LC) of Trastuzumab were obtained from PDB database (1N8Z) and drug bank database (AC. DB00072). Suitable secretory signal sequence of the leader KV3A9-Mouse IgG kappa chain V-III was selected from Swiss-Prot database (code P01661). Translation of amino acid was performed using the NCBI database according to codon preference for Chinese Hamster. The final designed sequences were used to construct the genes in the pUC57 prokaryotic vector. The genes syntheses were performed by the Jarf Company (Iran).

PCR were performed on prokaryotic constructs using Platinum^®^ Taq DNA Polymerase High Fidelity kit (Invitrogen, Germany) using an Applied Biosystems (Thermal cycler 2720) instrument. The forward and reverse primers used to amplification of HC were as follows: 5' TCTCG AGCAC CATGG AG 3' and 5' GAATT CTCAT CACTT GCC 3' and the forward and reverse primers used to amplification of LC were as follows: 5' AGCTA GCCAC CATGG AG 3' and 5' CGTAC GTCAT CAGCA CTC 3'. The reaction was prepared in a DNase/RNase-free vial according to the protocol provided with the kit. The PCR reaction was performed as follow: Initial denaturation: 1 min at 94°C. 30 cycles of; denaturation 30 s at 94°C, annealing: 30 s at 55°C and extension: (1 min for LC and 2 min for HC) at 68°C and final extension: 20 min at 68°C. The amplified fragments were purified using agarose gel Pure Link™ Quick Gel Extraction kit (invitrogen).

Cloning {#sec2-3}
-------

PCR products related to the heavy and light chains were individually inserted into pcDNA™ 3.3-TOPO^®^ and pOptiVEC™ TOPO^®^ shuttle vectors (included in OptiCHO™ antibody express kit, Invitrogen). In order to increase the efficiency of expression, both trastuzumab monoclonal antibody heavy and light chain genes were cloned into each of the above vectors. Two different expression plasmids were obtained for each chain. Ligation reactions were transformed separately into the competent bacterial host (*E.Coli* TOP10, Invitrogen). Selection was performed in the LB-Amp solid medium. The alkaline lysis method was used for plasmid extraction in the mini-prep scale and the PureLink™ HiPure plasmid DNA purification kit (Invitrogen) was used for midi prep DNA extraction.

The accuracy of cloning was confirmed using restriction enzyme mapping and sequencing. For each set of cloning, four constructs were selected. The plasmids were extracted using PureLink™ HiPure plasmid DNA purification kit and were digested with the *Xho*I, *Eco*RI, *Nhe*I, *Bsi*WI, and *Pvu*I restriction endonuclease enzymes. For each reaction 8 μL of purified plasmid, 2 μL of buffer, 2 μL enzyme (1 μL of each one in double digestion) and 8 μL ddH2O were added and digestion were done 5' in 37°C with FastDigest restriction enzymes (fermentas). Final confirmations of positive clones were performed by DNA sequencing (Kawsar Biotech Co., Iran).

RESULTS {#sec1-3}
=======

The defined structure of variable domains of four recombinant mAbs approved for cancer therapy namely Trastuzumab (1N8Z),\[[@ref14]\] Pertuzumab (1S78),\[[@ref15]\] Bevacizumab (1BJ1)\[[@ref16]\] and Cetuximab (1YY9),\[[@ref17]\] and a new developed mAb namely dual specific bH1 (3BE1, 3BDY)\[[@ref9]\] were used in bioinformatics studies. These structures firstly were analyzed with IMGT/3D structure tools. Amino acids of rmAbs involved in hydrogen bonds with the antigen in light and heavy chains were obtained from IMGT/3Dstructure-DB, <http://imgt.cines.fr>, and their comparisons were shown in [Table 1](#T1){ref-type="table"}.

###### 

Amino acids of rmAbs involved in hydrogen bonds with the antigens, from IMGT/3Dstructure-DB, <http://imgt.cines.fr>

![](ABR-1-21-g001)

The light and heavy chain CDR loops of Trastuzumab, Pertuzumab, Bevacizumab, and Cetuximab were obtained and the residues involved in antigen binding sites were compared \[[Figure 1](#F1){ref-type="fig"}\]. The main amino acids that are involved in antigen binding site in these antibodies also were investigated using DeepView/Swiss-PDBViewer 3.7. The main amino acids that are involved in antigen binding in the light and heavy chain CDR loops of Trastuzumab and Bevacizumab were shown in scaled ball and stick format \[[Figure 2](#F2){ref-type="fig"}\]. AutoDock4.2 software was used for the docking analysis of each antibody with other related antigens with the aim of achieving a dual specificity in them. For example, cetuximab was docked with erbB2 and VEGF antigens and Pertuzumab was docked with HER2 and VEGF antigens, but we did not meet any new specificity in these antibodies.

![The VH and V-KAPPA domains of the Trastuzumab, Pertuzumab, Dual specific bH1, Bevacizumab, and Cetuximab](ABR-1-21-g002){#F1}

![The light and heavy chain CDR loops of Trastuzumab (1N8Z) and Bevacizumab (1BJ1). The main amino acids that are involved in antigen binding are shown in the scaled ball and stick format](ABR-1-21-g003){#F2}

Design the heavy and light chains of trastuzumab was carried out according to the information from drug bank database. The secretory signal peptide, kozak sequence, and appropriate restriction enzyme sites were incorporated into upstream of each gene. InterPro database was used for verification of selected secretory signal peptide. The sequenced information obtained bioinformatically helped us to construct the genes in the pUC57 prokaryotic vector. In the next step, initially trastuzumab LC gene was amplified using PCR and subsequently purified. The purified band was cloned into pcDNA ™ 3.3-TOPO^®^ and pOptiVEC ™-TOPO^®^ shuttle vectors individually. The resulting constructs were named pSLC1-14 and pSLO1-14 for the cloned LC in pcDNA and pOptiVEC vectors, respectively. Second, the HC gene was amplified by PCR, purified and ligated in order to obtain recombinant plasmids pSHC1-11 and pSHO1-13 for the cloned HC in pcDNA and pOptiVEC vectors, respectively.

All constructs were checked on agarose gel initially and then four constructs of each set were selected for supplementary analyses. Gene mapping was carried out on four pSLC (i.e., pSLC 1, 2, 3, 4) and four pSLO (i.e pSLO 1, 2, 3, 7) plasmids. Each construct was digested either with *Nhe*I or *Nhe*I and *Bsi*WI or *Nhe*I and *Pvu*I. As expected we should see fragment sizing 6127 and 5122 bp after digesting pSLC and pSLO plasmids with *Nhe*I respectively. On the other hand pSLC and pSLO digestion with *Nhe*I and *Bsi*WI gave two bands of (720 \[insert\] and 5407 bp) or (720 and 4402 bp) length, respectively. *Pvu*I has a unique site in these plasmids. These constructs digestion with *Pvu*I and *Nhe*I gave two (1478 and 4649 bp) or (1264 and 3858 bp) fragments, respectively \[Figures [3a](#F3){ref-type="fig"} and [b](#F3){ref-type="fig"}\].

![(a) Restriction digestion of pSLC1, 2, 3 and 4 constructs. Lanes 2, 3 and 4 pSLC1 construct; lanes 5, 6 and 7 pSLC2 construct; lanes 8, 9 and 10 pSLC3 construct and lanes 11, 12 and 13 pSLC4 construct that all of them were digested with 1. *Nhe*I, 2. *Nhe*I and *Bsi*WI, 3. *Nhe*I and *Pvu*I respectively. Lane 1: 1Kbp DNA ladder (Bioron, Australia) and lane 14: 100 bp DNA ladder (BioLabs, USA). (b) Restriction digestion of pSLO1, 2, 3 and 7 constructs. Lanes 2, 3 and 4 pSLO1 construct; lanes 5, 6 and 7 pSLO2 construct; lanes 8, 9 and 10 pSLO3 construct and lanes 11, 12 and 13 pSLO7 construct that all of them were digested with 1. *Nhe*I, 2. *Nhe*I and *Bsi*WI, 3. *Nhe*I and *Pvu*I respectively. Lane 1: 1Kbp DNA ladder (Bioron) and lane 14: 100 bp DNA ladder (BioLabs)](ABR-1-21-g004){#F3}

In order to confirm cloning of the trastuzumab HC gene in the pOptiVEC vector, four corresponding plasmids (i.e., pSHO2, 5, 8, 9) were extracted and digested with EcoRI or (EcoRI and XhoI) or (XhoI and PvuI) restriction enzymes \[[Figure 4a](#F4){ref-type="fig"}\]. The expected fragment sizes were 6837 bp or (1430 bp \[insert\] and 5407 bp) or (1478 bp and 5359 bp) for pSHC constructs, respectively. The expected fragment sizes for pSHO were 5832 or (1430 and 4402) or (1264 and 4568 bp), respectively \[[Figure 4b](#F4){ref-type="fig"}\].

![(a) Restriction digestion of pSHC1, 5, 8 and 12 constructs. Lanes 1, 2 and 3 pSHC1 construct; lanes 4, 5 and 6 pSHC5 construct; lanes 7, 8 and 9 pSHC8 construct and lanes 10, 11 and 12 pSHC12 construct that all of them were digested with 1. *Eco*RI, 2. *Eco*RI and *Xho*I, 3. *Xho*I and *Pvu*I respectively. Lane 13: 1Kbp DNA ladder (Bioron, Australia). (b) Restriction digestion of pSHO2, 5, 8 and 9 constructs. Lanes 1, 2 and 3 pSHO2 construct; lanes 4, 5 and 6 pSHO5 construct; lanes 7, 8 and 9 pSHO8 construct and lanes 10, 11 and 12 pSHO9 construct that all of them were digested with 1. *Eco*RI, 2. *Eco*RI and *Xho*I, 3. *Xho*I and *Pvu*I respectively. Lane 13: 1Kbp DNA ladder (Bioron, Australia)](ABR-1-21-g005){#F4}

Results showed that SLC1, 2, 4 and SLO1, 7 constructs were cloned completely in the direct direction but the SLC3 and SLO2, 3 constructs (containing the LC gene) were cloned in a wrong orientation \[[Figure 3](#F3){ref-type="fig"}\]. At the other hand, two SHC1, 12 constructs and three SHO5, 8, 9 constructs that were containing the HC gene were cloned completely and in the direct direction \[[Figure 4](#F4){ref-type="fig"}\].

For final confirmation; pSLC1, 2, 4 and pSLO1, 7 plasmids were sequenced using CMV forward sequencing primer and each sequence was aligned with the designed LC gene sequence using ClustalW software. pSHC1, 12 and pSHO5, 8, 9 were also sequenced using CMV sequencing primer as forward and TK polyA sequencing primer and EMCV IRES sequencing primer as reverse primers respectively. Multiple alignments were carried out using ClustalW software versus parental HC and fidelity of the clones was confirmed this way.

DISCUSSION {#sec1-4}
==========

Concerning the dual specificity of different mAbs studied, we did not find any bifunctional property using bioinformatic tools. In this regard, the recent crystal structure analysis of an antibody that has shown to have binding sites for two distinct proteins with high affinity namely, dual specific bH1 (3BE1, 3BDY) had to be explained. In our point of view, this is either a very rare phenomena or if more thoroughly investigated more examples could be found.

We designed heavy and light chains of trastuzumab monoclonal antibody according to our bioinformatics data and cloned them into pcDNA™ 3.3-TOPO^®^ and pOptiVEC™ TOPO^®^ TA shuttle vectors. In total, we obtained five correct constructs for LC and five correct constructs for the HC. These constructs were checked in various ways to ensure the right orientation and DNA sequence. The properties of these vectors allow to produce high levels of recombinant proteins rapidly and with less effort than is required using conventional vectors. These constructs will be valuable for other purposes, such as expression in mammalian cell lines for Ab production. We are in the process of testing protein expression properties of these clones.

Since we are using different vectors from the original patent holder and will use different cell system as well as culture condition we may be able to apply for biosimilar trastuzumab production. Manufacturers of biotechnological/biological products frequently make changes to manufacturing processes of products both during development and after approval. These modifications would not adversely impact the safety and efficacy of the drug product. As a consequence, such change may result in an evolution of quality profile during the product lifecycle.\[[@ref22]\]
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